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Methods
Results Discussion
•Participants with persistent respiratory symptoms
following COVID-19 infection (PACS, n=10; healthy,
n=10) provided written, informed consent
(NCT04584671)
•All participants completed pulmonary function
tests and hyperpolarized 129Xe MRI images were
acquired
•CT images acquired for PACS participants
•MRI images were analyzed using a semi-
automated segmentation method to quantify VDP3
•CT scans were analyzed using VIDAvision to
segment pulmonary airways
•CT measurements of WA%, WT%, LA, and TAC for
the healthy control group were acquired from
published literature sources4,5,6
• Independent t-tests used to determine significant
differences between groups
Introduction
•Post-acute COVID-19 syndrome (PACS) refers to 
persistent symptoms and long-term complications 
following acute infection1
•X-ray computed tomography (CT) provides 
structural pulmonary information such as total 
airway count (TAC), airway wall area percent 
(WA%), lumen area (LA), and wall thickness 
percent (WT%)2
•Hyperpolarized 129Xe MRI provides functional and 
microstructural information about lung ventilation
•Ventilation defect percent (VDP) quantifies 
regions of ventilation abnormalities3
•Both CT and hyperpolarized 129Xe MRI provide 
information about the structure-function 
relationships in PACS patients
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Definition of Abbreviations: BMI=Body Mass Index; FEV1=Forced Expiratory Volume in 1 Second; %pred=percent of
predicted value; FVC=Forced Vital Capacity; DLCO=Diffusing Capacity for Carbon Monoxide; LCI=Lung Clearance Index;
SGRQ=St. George’s Respiratory Questionnaire; 6MWD=6 Minute Walking Distance; TAC=Total Airway Count; WA%=Wall
Area Percent; WT%=Wall Thickness Percent; LA=Lumen Area; BD=bronchodilator; VDP=ventilation defect percent;
ND=Not Determined; p=Holm-Bonferonni corrected significant difference; †n=4; ‡n=8; §n=9 ‖n=286; ††n=25; ‡‡n=92
Table 1. Demographic data, pulmonary function, imaging measurements and quality-of-life
questionnaire scores







Age (years) 57 ± 10 39 ± 17 0.10
Female n (%) 7(70) 4 (40) ND
BMI (kg/m2) 33 ± 5 25 ± 3 0.004
Pulmonary Function
FEV1%pred 92 ± 17 96 ± 12 1.0
FEV1/FVC 77 ± 7 75 ± 6
§ 1.0
DLCO %pred 88 ± 19
† - ND
LCI 11 ± 2† 9 ± 2§ 0.5
SGRQ Score 25 ± 16‡ - ND
6MWD 458 ± 46‡ - ND
CT Measurements
TAC (n) 181 ± 82 221 ± 73‖ 1.0
WA% 68 ± 1.5 55 ± 2.4†† <0.001
WT% 18 ± 0.6 16 ± 1.2†† 0.02
LA (mm2) 12 ± 2.2 7.7 ± 1.9‡‡ 0.08
MRI Measurements
Post-BD VDP 7.2 ± 4.5§ - NDTo investigate the lung structure and function
relationships that shape the persistent respiratory
symptoms in PACS patients.
CT and hyperpolarized 129Xe MRI reveal important 
relationships present in PACS participants, 
suggesting increased airway wall area, wall 
thickness may lead to abnormal VDP. 
•No significant difference in FEV1%pred between two
groups
• LCI is abnormal in PACS participants suggesting
ventilation heterogeneity
•Post-BD VDP is abnormal in PACS participants,
suggesting presence of ventilation defects7
•Significant difference (p<0.05) in WA% and WT%
may contribute to an increased post-BD VDP in
PACS
•Abnormal SGRQ score and 6MWD indicates poor
quality-of-life and exercise capacity in PACS
participants
Future Work
• Investigate disease phenotypes and physiological
mechanisms that help explain pulmonary
ventilation defects in PACS participants
•Examine longitudinal data from study to examine
disease progression
Figure 1. 3D structure-function images of co-registered CT and 129Xe MRI images for PACS participants
P01: Male; 73 years
FEV1%pred = 89%; Post-BD VDP = 12%; TAC = 334; 
WA% = 66.8%; WT% = 18.3%; LA = 15.5 mm2
P01
P05: Female; 56 years
FEV1%pred = 103%; Post-BD VDP = 2%; TAC = 263; 
WA% = 64.2%; WT% = 16.8%; LA = 14.9 mm2
P05
